Background and Purpose: Even though new cancer therapies have improved the overall survival, in some cases they have been associated with adverse effects, including increased cardiotoxicity. The purpose of the present study was to assess the cardiovascular effects of adjuvant chemotherapy for colorectal cancer and mainly the impact on arterial stiffness indices. Material and Methods: A total of 70 patients with non-metastatic colorectal cancer who were treated either with FOLFOX (n=16) or with XELOX (n=54) adjuvant chemotherapy were included in the study. All patients were subjected to full cardiovascular evaluation at the beginning and the end of chemotherapy. Arterial stiffness was assessed by means of pulse wave velocity (PWV) and augmentation index (Aix) and full laboratory examinations were conducted prior to, and soon after, the termination of chemotherapy. Results: Patients exhibited significantly higher levels of carotid-radial PWV, carotid femoral RWV and Aix post-chemotherapy (p<0.001); these findings remained significant when examined separately in each treatment subgroup (FOLFOX, XELOX). The observed changes were independent of treatment regimen and baseline patient characteristics. Univariate regression analyses showed that baseline PWVc-r and PWVc-f were the only factors associated with PWVc-r and PWVc-f change, while Aix change was independent of its baseline value. Conclusion: There is a clear burden in arterial stiffness indices post-adjuvant chemotherapy for colorectal cancer in both chemotherapy groups. This is a finding of important clinical significance, however more prospective studies are required in order to encode the possible mechanisms involved.
Introduction
Colorectal cancer remains a major cause of cancer mortality in the Western world regardless the gender. Despite that, the overall mortality has declined in the last 40 years in the developed world, mainly due to early diagnosis and better treatment modalities. 1, 2 Adjuvant chemotherapy aims at reducing the risk of relapse and death by eliminating residual micro-metastatic disease and according to the guidelines should be considered for all patients with high risk stage II disease (ie, presence of lymph nodes sampling <12, poor differential tumor, vascular lymphatic or perineural invasion, obstruction or perforation and pT4 stage) and patients with stage III.
Common clinical adverse effects of 5-FU include myelosuppression, diarrhea, mucositis and for capecitabine hand and foot syndrome. Cardiotoxicity is less frequent and its prevalence varies between 1.6% and 8.5% for both chemotherapy strategies, mainly in patients without previous history of cardiovascular disease. The mechanisms involved are not fully exploited. To what extend the malignancy itself attributes to the cardiotoxicity remains unclear. [4] [5] [6] Many researchers have speculated that cancer may share several risk factors with cardiovascular disease. 7, 8 It has been previously reported that patients with colorectal adenomas also have increased arterial stiffness indices which was attributed to a pathophysiologic interaction between obesity, cardiovascular risk factors and colon pathology. 9 In this prospective study, we aimed to investigate changes in the cardiovascular profile and arterial stiffness indices in patients with non-metastatic colorectal cancer who received adjuvant chemotherapy and exploit possible mechanisms linked to the malignancy itself or the chemotherapy regime.
Materials and Methods
For the purposes of the study, 92 patients were recruited with non-metastatic colorectal cancer stages II and III who according to the guidelines were eligible to receive adjuvant chemotherapy. The study protocol, which was contacted between 2010 and 2016, has been revised and approved in 2010 by the Ethics Committee of Hippokration Hospital, Athens, Greece. The study protocol was designed and executed according to the Declaration of Helsinki. All patients provided their written consent prior to recruitment.
Past medical history was obtained from all the patients in order to exclude those who had known ischemic heart disease, recent (<6 months) cerebrovascular events, known heart failure, electric rhythm disturbances and background history of ventricular arrhythmia. Blood samples were collected from the antecubital vein between 0800 and 1000 hrs, with the patient in the sitting position for at least 10 mins and at least after an overnight fast. All tests were conducted in the same laboratories using the criteria of the World Health Organization.
Cardiovascular Evaluation
All patients prior to the initiation of chemotherapy and immediately after the completion of it were subjected to full cardiovascular evaluation including:
Blood Pressure Evaluation
For the diagnosis of arterial hypertension, we used the cutoff limits of (>140 mmHg) for systolic and (>90 mmHg) for diastolic blood pressure. Three separate measurements, 1 week apart, were conducted. A 2-week washout period preceded for every patient already on antihypertensive treatment. In each visit, blood pressure was measured three times with the patient in a sitting position after a 10-15 mins relaxation period. A mercury sphygmomanometer was used for all measurements, while the size of the cuff was adjusted accordingly. A 24 hrs ambulatory blood pressure monitoring (24hABPM, Spacelabs @ ) was carried out whenever considered appropriate.
Measurement of Arterial Properties
Arterial stiffness indices were assessed in the morning, in a special room with stable temperature. Subjects were requested to abstain from caffeine, smoking, and alcohol for at least 12 hrs prior to measurements. Systolic BP, diastolic BP, and heart rate were measured three times in both arms with an automatic mercury sphygmomanometer (Omron M4-I, CE 0197, Netherlands). The arterial pulse was assessed by means of a validated system (SphygmoCor; AtCor Medical, Sydney, Australia), which uses the principle of applanation tonometry and appropriate acquisition and analysis software for noninvasive recording. A high fidelity micromanometer was placed under gentle pressure to the non-dominant hand radial artery. Twenty waveforms were applied and subsequently the software performed the analysis and Aix and ascending aortic pressure was obtained.
Augmentation indices of the central waveform were used as indices of wave reflection. AI was defined as augmented pressure divided by pulse pressure and expressed as a percentage. We calculated the time between the foot of the pressure wave and the injection point from which the aortic pulse pressure was finally derived. The interpretation of results was based upon the rule that higher AI levels suggest increased wave reflection peripherally and/or earlier return of the reflected wave second to increased PWV, and vice versa. Given that heart rate may affect AI levels, all values were automatically corrected for heart rate by the SphygmoCor software and therefore the AoAIx75 index was derived. 15, 16 Pulse wave velocity is the velocity at which the arterial pulse propagates through the circulation and it is by definition the distance traveled (Δχ) by the wave divided by the time (Δt) which allows the wave to travel that distance. The anatomy and the elastic properties of the arterial wall affect the final speed. For the calculation of PWVc-f, the pulse transit time was measured as well as the distance Other Measurements
All patients had a baseline electrocardiogram (ECG) followed by a repeat one after the completion of chemotherapy. Baseline echocardiographic studies were performed prior and after the end of chemotherapy cycles. Standard M-mode, 2-dimensional and Doppler images were obtained during breath-hold at end-expiration and measurements were obtained from the mean of 3 consecutive beats. Left ventricular systolic and diastolic function were assessed pre-and postchemotherapy. Echocardiographic studies were performed in the cardiology department by the same operator each time.
Tumor markers specific for each malignancy were also assessed before and after the last cycle of chemotherapy.
Chemotherapy
The patients included in the study were subjected to chemotherapy with either FOLFOX (Oxaliplatin and 5-FU infusion) for minimum of 6 cycles and with XELOX (oxaliplatin and capecitabine tablets) for 6 cycles. Precisely Patients who experienced severe side effects or did not present in the follow up measurements after the termination of therapy was excluded from the study. Twenty-two patients failed to continue the study. Twelve failed to attend cardiovascular follow up after the completion of chemotherapy, mainly because of commuting issues, since they were based in rural areas of Greece, whereas 10 experienced severe diarrhea and/or severe hand and foot syndrome, therefore chemotherapy was either adjusted or terminated prematurely.
Statistical Analysis
Mean (SD), median, IQR and range are used for presenting continuous variables, while categorical variables are presented as frequencies. To evaluate changes in parameters of interest after chemotherapy compared to baseline, the Wilcoxon signed-rank test was used. Univariable linear regression analyses were performed in order to identify factors significantly associated with the changes in SBP, Aix75, PWVc-r and PWVc-f, the change (afterbefore chemotherapy) was used as the dependent variable and baseline patient, treatment and laboratory characteristics (including gender, age, BMI, treatment type, treatment duration) were included as independent variables. All statistical analyses were performed using SAS University. Statistical significance was set at p=0.05 (two-sided).
Results
A total of 70 patients with non-metastatic colorectal cancer treated with adjuvant chemotherapy were finally included in the present study. Patients baseline characteristics are presented in Table 1 , overall and by the treatment regimen (FOLFOX, N=16; XELOX N=54). The majority of patients were males (N=55, 78.6%) with mean age of 65 years. Vital signs, hemodynamic measurements and basic laboratory parameters pre-and post-chemotherapy are presented in Tables 2 and 3 . In the entire cohort, a significant change post-chemotherapy was demonstrated for SBP (prechemotherapy: Median (min-Max)=130 (110-140)mmHg; post-chemotherapy: 135 (112-160)mmHg; p<0.001). No significant change in DBP was observed, while changes in the EF could not be evaluated due to all patients having the same EF measurement after chemotherapy (Table 2) .
Regarding arterial stiffness indices, a significant change was observed in Aix75 (16.9% (12.5-21.9) vs 21.3% (14.5-32.0); p<0.001), PWVc-r (7.2(6.2-8.5) m/ second vs 8.2 (6.9-10.6) m/second, p<0.001) and PWVc-f (7.5 (6.3-8.8) m/second vs 8.3 (7.5-9.5)m/second, p<0.001) ( Table 3 ; Figures 1-3) . The aforementioned changes were evident when examined separately in the subgroups defined by treatment regimen.
None of the factors examined in univariate regression analyses was significantly associated with SBP change postchemotherapy. Regarding the arterial stiffness parameters, baseline PWVc-r (b=−0.91; 95% CI (−1.27, −0.56); p<0.001) and PWVc-f (b=−0.52; 95% CI: (−0.69, −0.34); p<0.001 were the only factors associated with PWVc-r and PWVc-f change, respectively. Finally, baseline Aix75 was not associated with Aix75 change (p=0.314); the only factor significantly associated with Aix75 change was baseline ALP (b=0.04; 95% CI: 0.00, 0.07, p=0.043).
Discussion
The main findings of this prospective study are shaped as follows: patients with non-metastatic colorectal cancer who are subjected to adjuvant chemotherapy have higher SBP levels post minimum 6 cycles of chemotherapy, whereas DBP and HR are not affected; arterial stiffness indices values increase significantly post-chemotherapy in the overall population as well as in the subgroup of each chemotherapy strategy. This rise in the values is affected by the baseline levels of PWV yet no such association was demonstrated for Aix. No difference was noted in EF pre-and post-chemotherapy. Up to date, this is the first study designed to assess arterial stiffness indices pre and post adjuvant chemotherapy for non-metastatic colorectal cancer. Cardiovascular disease and colon adenomas, which can lead to colorectal cancer, share common pathophysiological mechanisms including inflammation, oxidative stress and insulin resistance. 10 Arterial stiffness plays a pivotal role in atherosclerosis; therefore, PWV is an established marker of vascular damage and a leading marker to the diagnosis of atherosclerotic disease. 11 It has been previously suggested that patients with colorectal adenomas have higher PWV 12 indicating a causative relationship between cardiovascular disease and adenomas and a point of interest for bigger studies in order to unmask possible mechanisms and deem PWV as a risk predictor marker for colon adenomas. In our study, PWV in patients with colorectal cancer rise post-chemotherapy and the rise noted was higher among those with greater PWV baseline values irrespectively of the chemotherapy strategy that was chosen. This suggests that there is an acute rather than a chronic effect on vascular damage on these patients (immediately post 6 to 8 cycles of Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; EF, ejection fraction.
Table 3 Hemodynamic Measurements and Basic Laboratory Parameters Before and After Chemotherapy
Overall Min-Max chemotherapy). This could be explained by acutely induced endothelial dysfunction, increase in the smooth muscle tone, vasospasm, reduced NO synthesis which is in line with previous studies in metastatic malignancies and anthracycline chemotherapy. 13, 14 Similarly Aix, which is an indirect measurement of arterial stiffness, was higher postchemotherapy irrespectively of HR and baseline Aix values. AI is a composite measure which is known to be largely affected by age, gender, height and heart rate. 15, 16 In our study, there was a clear burden post-chemotherapy in AI irrespectively of these cofounders which in turn points that malignancy itself and chemotherapy used can alter central hemodynamics in these patients. The rise in SBP noted postchemotherapy as well as acute vasoconstriction caused by the chemotherapy regimen could possibly account for the rise in Aix75 values. This acute vascular toxicity noted could also be attributed to increased platelet-endothelial cell adhesion, enhanced procoagulant activity of macrophages, impaired protein C anticoagulant pathway and activation of tissue factor which all can potentially result in microthrombi formation and compromised blood flow, mechanisms that are common In malignancies. 17, 18 In our study, there was no difference noted in PWV and AIX change post-chemotherapy between FOLFOX and XELOX chemotherapy group. FOLFOX cardiotoxicity has been mainly attributed to 5-FU infusion and its metabolites which is known to cause coronary vasospasm as well as direct cardiotoxicity on the myocytes and endothelial damage. The usual clinical presentation is that of angina during the infusion with codominant ECG changes. In our study, none of the 16 patients experienced angina and EF remained stable postchemotherapy. However, the increase in arterial stiffness indices noted could be attributed to 5FU toxicity induced by endothelial damage and platelet and fibrin accumulation with increased thrombus formation which are experimentally linked to 5-FU. [19] [20] [21] Additionally, the generation of metabolites of 5-FU is also known to serve as another mediator of cardiotoxicity. 22, 23 XELOX cardiotoxicity has mainly been attributed to capecitabine which is an oral prodrug of 5-fluorouracil. Even though capecitabine is considered an alternative to 5FU and its adverse effects still there are case reports of cardiovascular implication through coronary spasm, arrhythmias and acute cardiomyopathy. In our study population, none of the 54 patients who received XELOX experience any such adverse effects. However, the rise in the arterial stiffness markers could possibly be explained by the same mechanisms as 5-FU infusion.
The present study is prospective however its main limitation is the small number of participants. The lack of control group in obviously unethical still though a limitation. Further larger studies should be contacted in order to reproduce our results, therefore allow a safe generalization. Additionally, patients follow-up was after the termination of the chemotherapy. However, to assess the possible reversibility of the arterial stiffness increase seen in these patients, further measurement should have been contacted at least 6 months to a year post-chemotherapy. This could be a point of future analysis.
In conclusion, assessment of Aix and PWV and monitoring of cardiovascular risk factors in patients under adjuvant chemotherapy for non-metastatic colorectal cancer can identify asymptomatic patients with increase cardiovascular burden, possibly induced by chemotherapy, and therefore justify a closer monitor during and after chemotherapy. However, larger cohort studies with a more prolonged follow up should be conducted in order to strengthen the initial hypothesis.
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